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ABSTRACT
This study explored the feasibility of applying a particular "heart rate
analysis" method to the assessment of human machine interface
effectiveness in cockpits. The methodology proposed is: "Event-related
Heart Rate"(EHR) as an indicator of dynamic characteristics of human
information processing during instrument and display scanning and the
execution of discrete tasks. Both the methodology and technical
requirements for simulator event control are described. The
implementation of EHR is illustrated by a case study performed during a
simulation experiment on cockpit data link Human Factors issues.  
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Fig. 1 Event related heart rate response, averaged over multiple events (n=26) for a pilot not
flying while handling communications tasks with Air Traffic Control through data link. The centred
event was an ATC up link (time zero) displayed by synthetic speech, which required a ‘WILCO’
response later on. The occurrence of that response, as determined by independent measures of
the time of selecting the ‘WILCO’ button,  is indicated.  (figure from Jorna 1997)
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Fig. 2 Event related heart rate response, averaged over multiple events (n=26) for a pilot not
flying for handling communications tasks with Air Traffic Control through data link. The centred
event was an ATC up link (time zero) displayed as text on the navigation display, which required
a ‘WILCO’ response later on. (figure from Jorna 1997)
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GLVWLQFW# LQFUHDVH# LQ# KHDUW# UDWH# DV# FRPSDUHG# ZLWK# WKH# V\QWKHWLF# VSHHFK# FRQGLWLRQ/# DSSDUHQWO\
DVVRFLDWHG#ZLWK# µZRUNLQJ# WKRXJK# WKH# WH[W¶1#$IWHU#DEVRUELQJ# WKH# LQIRUPDWLRQ#DJDLQ/# #KHDUW# UDWH
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Fig. 3 Event related heart rate response, averaged over multiple events (n=34) for another pilot
not flying while handling communications tasks with Air Traffic Control through data link. The
centred event was an ATC up link (time zero) displayed by synthetic speech, which required a
‘WILCO’.
Fig. 4 Event related heart rate response, averaged over multiple events (n=41) for another pilot
not flying for handling communications tasks with Air Traffic Control through data link. The
centred event was an ATC up link (time zero) displayed as text on the navigation display and
requiring a consent form the crew later on.
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Fig. 5 Event related heart rate response, averaged over multiple events (n=3) for a pilot
confronted with a auto pilot disconnect after accepting the FMS gating of an ATC up link. The
disconnect was initiated automatically 10 seconds after the  up links.
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UHVXOWHG#LQ#WKH#GHWHFWLRQ#RI#GLVWLQFWLYH#KHDUW#UDWH#UHVSRQVHV#WR#SDUWLFXODU#HYHQWV#VFKHGXOHG#LQ#WKH
VFHQDULR1# ,Q# WKLV# UHVSHFW/# WKLV# ODERUDWRU\# WHFKQLTXH# FRXOG# EH# WUDQVIHUUHG# VXFFHVVIXOO\# WR# WKH
FRPSOH[#HQYLURQPHQW#RI#G\QDPLF#IXOO#PLVVLRQ#VLPXODWLRQ1
7KH#UHVXOWV#VHHP#WR#MXVWLI\#WKH#IROORZLQJ#SUHOLPLQDU\#REVHUYDWLRQV=
• (+5# SDWWHUQV# VHHPHG# FKDUDFWHULVWLF# IRU# WKH# HYHQW# W\SHV# LQ# WKLV# VWXG\# # DQG# RFFXUUHG
FRQVLVWHQWO\#RYHU#GLIIHUHQW#IOLJKWV#DQG#VXEMHFW#SLORWV1
• 5HVSRQVH#SDWWHUQV#FDQ#YDU\#TXLFNO\#RYHU#WLPH/#DOORZLQJ#GHWDLOHG#VWXG\#RI#SLORW#UHVSRQVHV#LQ#D
G\QDPLF#HQYLURQPHQW1
• (+5# UHVSRQVHV# LQGLFDWH# SLORW# UHVSRQVHV# WKDW# DUH# FRXQWHU# LQWXLWLYH# DW# ILUVW# VLJKW/#ZKHUH# DQ
LQFUHDVH#ZRXOG#VHHP#OLNHO\#WR#LQGLFDWH#D#VWDUWOH#UHVSRQVH/#D#GHFUHDVH#ZDV#REVHUYHG#SUREDEO\
LQGLFDWLQJ#D#FRQWUROOHG#LQIRUPDWLRQ#VDPSOLQJ#VWUDWHJ\#E\#WKH#SLORW#WR#UHVROYH#WKH#SUREOHP#WKDW
RFFXUUHG1
• (+5#VHHPV#D#XVHIXO#WRRO#WR#JDLQ#PRUH#LQVLJKW#LQ#G\QDPLF#DVSHFWV#RI#SLORW#EHKDYLRU
• 'HSHQGLQJ#RQ# WKH# HYHQW/# DOVR# ORZ# IUHTXHQFLHV#RI# HYHQW#SUHVHQWDWLRQ# FDQ#SURGXFH# UHOHYDQW
(+51
:LWK# WKH# (+5# WHFKQLTXH/# D# ZHDOWK# RI# DGGLWLRQDO# LQIRUPDWLRQ# VHHPV# WR# EH# DFFHVVLEOH# IURP
FRPSOH[#VLPXODWLRQV/#LPSURYLQJ#WKH#FRVW#HIIHFWLYHQHVV#RI#VXFK#VWXGLHV1#1RW#DOO#HYHQWV#UHJLVWHUHG
LQ# WKH#GDWD# OLQN#H[SHULPHQW#FRXOG#EH#DQDO\VHG#ZLWKLQ# WKH#VFRSH#RI# WKLV# VWXG\1#4XHVWLRQV/#RI#D
PHUH#VFLHQWLILF#QDWXUH#VWLOO#UHPDLQ/#OLNH#ZKDW#LV#WKH#PHGLDWLQJ#UROH#RI#UHVSLUDWLRQ#LQ#GHWHUPLQLQJ
WKH#REVHUYHG#LQIRUPDWLRQ#XSWDNH#GHFHOHUDWLQJ#UHVSRQVH#LQ#(+51#$OO#LQ#DOO/#WKH#WHFKQLTXH#VHHPV
WR#SUHVHQW#D#ZHOFRPH#DGGLWLRQ#WR#µSHULRG#EDVHG¶#PHDVXUHPHQW#WHFKQLTXHV#WKDW#SURGXFH#REMHFWLYH
UHVXOWV# RYHU# D# FHUWDLQ# SHULRG# RI# WLPH/# OLNH# µWUDGLWLRQDO¶# VSHFWUD# FDOFXODWHG# RYHU# 633# VHFRQGV
SHULRGV#RI#FRQVLVWHQW#WDVN#SHUIRUPDQFH1#0RVW#LPSRUWDQW#KRZHYHU/#VHHPV#WKH#RSSRUWXQLW\#WR#WDNH
PRUH# DGYDQWDJH# RI# WKH# SRVVLELOLW\# WR# H[SORLW# WKH# UHVXOWV# RI# FRPSOH[# VLPXODWLRQV#PRUH# FRVW
HIIHFWLYH/#DQG#DOORZ#IRU# WKH#EXLOG#XS#RI#D#GDWD#EDVH#RI#VLPXODWLRQ# UHVXOWV# WKDW#FDQ#EH#XVHG# IRU
SRVW#KRF#DQDO\VLV#ZLWK#SRWHQWLDO#VDWLVIDFWRU\#RXWFRPHV1
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81 5HIHUHQFHV
*HQW/#YDQ#5111+1:1/#+4<<9,#&RFNSLW#GDWD#OLQN#SKDVH#,,=# WRZDUGV# LQFUHDVHG#XVHU#DFFHSWDQFH#E\
RSHUDWLRQDOO\#GHILQHG#GHVLJQ#KXPDQ#LQWHUIDFH#FRQFHSWV1#1/5#WHFKQLFDO#SXEOLFDWLRQ/#LQ#SUHVV1
-RUQD/#31*1$101#+4<<5,1#6SHFWUDO#DQDO\VLV#RI#KHDUW#UDWH#DQG#SV\FKRORJLFDO#VWDWH=#$#UHYLHZ#RI#LWV
YDOLGLW\#DV#D#ZRUNORDG#LQGH[1#%LRORJLFDO#SV\FKRORJ\/#67/#56:058:1
-RUQD/# 31*1$101# +4<<:,1# &RQWH[W# VLPXODWLRQ=# DQ# LQWHUDFWLYH# PHWKRGRORJ\# IRU# XVHU# FHQWUHG
V\VWHP#GHVLJQ#DQG#IXWXUH#RSHUDWRU#EHKDYLRU#YDOLGDWLRQ1#,Q=#&RJQLWLYH#HQJLQHHULQJ#LQ#WKH#DYLDWLRQ
GRPDLQ#+6DUWHU#)#$PHOEHUWL#HGV1,1#/DZUHQFH#(UOEDXP#LQF1#3XEOLVKHUV1#,Q#SUHVV1
.RHUV/# *1# +4<<:,# %UDLQ# FRQWURO# RI# KHDUW# UHJXODWLRQ1# 3KG# WKHVLV1# 8QLYHUVLW\# RI# *URQLQJHQ/
1HWKHUODQGV1
